1 mM EGTA, 0.2 mM Na 3 VO 4, , 0.2 mM DTT, 1 mM ATP, 200 µg/mL BSA. Buffer D: 1% Triton X-100, 50 mM β-glycerolphosphate, 10 mM sodium pyrophosphate, 30 mM NaF, 1 mM benzamidine, 2 mM EGTA, 100 µM Na 3 VO 4, , 1 mM DTT, 10 µL/mL protease inhibitors (protease inhibitor cocktail III, Calbiochem), 10 µL/mL phosphatase inhibitors (phosphatase inhibitor cocktail 1, Calbiochem)
Measurement instrument and image analysis. An inverted epifluorescence microscope IX 71 (Olympus, Center Valley, PA) equipped with a cooled CCD camera (SensiCam, Cooke Corp., Romulus, MI) was used for fluorescence imaging. A mechanical shutter which only opens for 100 ms every 5 s when images are taken was used to prevent photobleaching of the fluorescent molecules. The images were analyzed using the NIH ImageJ software. Flat-field correction was performed by dividing a reference image of the device taken before each experiment.
Concentrations of phosphorylated and unphosphorylated peptide substrates were assumed to be directly proportional to the focused peak height as demonstrated in previous work 1, 5 .
Phosphorylation ratio was calculated by dividing the peak height of the phosphorylated substrate by the sum of the peak heights of the phosphorylated and unphosphorylated substrates. Dose response curves and statistical analysis was obtained using Origin 7 software (OriginLab Corp., Northampton, MA).
Substrate cross-reactivity measurements. To measure the pair-wise cross-reactivity between each substrate and kinase, 1 µM of each substrate was separately reacted with a fixed final concentration (100 ng/mL) of recombinant kinase in Buffer A for 1 hour at room temperature.
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The phosphorylation fraction was measured on the concentration-enhanced mobility shift assay platform as described previously. Single cell lysis and kinase assay. Ultrasonication is a proven technique for cell lysis and has been shown to be able to lyse cells in microfluidic devices in less than 10 s 6 . In this paper, single cells confined in nL size microwells were ultrasonically lysed so that the released intracellular kinases can catalyze phosphorylation of peptide substrates that were pre-added to the microwells just before lysis. To perform cell lysis in reaction buffer, the cells in microwells were first washed once with ice-cold PBS and followed by ice-cold Tris-Buffered Saline (TBS). The
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microwells were then overflowed with kinase reaction buffer (Buffer C with 2 µM fluorescent substrate, 0.01% Triton X-100, 10 µg/mL protease and phosphatase inhibitors, and inhibitors of off-target kinases(0.4 µM PKI-tide, 5 µM GF109203X) containing the substrates. Next, the wells were sealed with a piece of Kapton tape and the excess substrate was squeezed out. The sealed device was then immediately placed in an ultrasonic water bath (VWR 150D Aquasonic) and sonicated at full power for 30 s to lyse the cells within the microwells. Cell lysis was confirmed by imaging under the microscope. The kinase reaction was then allowed to proceed in the sealed microwells for 90 minutes in a 37 °C incubator.
The kinase reaction product from the sealed 40 nL chambers were retrieved by diluting them into a much larger volume (12 µL). This dilution step stops the kinase reaction and facilitates sample handling. To perform the dilution step, another piece of PDMS (1 mm thick) with 2 mm diameter holes (2 mm biopsy punch) was aligned and reversibly bonded on top of the Kapton tape side of the device to form dilution chambers. 5 µL of the dilution buffer (Buffer B) was pipetted into each dilution chamber. The device was then placed in a dry 35 mm polystyrene dish for imaging under an inverted microscope. While looking under the microscope, the Kapton tape above the microwells was punctured using a hypodermic needle (27G1/2, BD) so that the microwell contents can be mixed with the dilution buffer. While the reaction product could diffuse into the dilution buffer, the process could be slow. Mixing was enhanced by agitating the device above an ultrasonic bath operating at low power for 30 s. The mixture in each dilution chamber was pipetted into a 96 well PCR plate and further topped up to 12 µL with dilution buffer before being stored at -80 °C for later use. 10 µL of this final sample was used in the concentration-enhanced mobility shift assay.
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Supplementary Figure 1 : Analysis of the pair-wise cross-reactivity between three kinases (PKA, Akt , MK2) and their substrates (Kemptide, Crosstide, MK2tide).
Supplementary Figure 2:
Representative results showing concentration-enhanced mobility shift assay with cell lysate for detection of Akt activity in serum starved (SS) and 5 minutes 500 ng/mL insulin stimulated (IS) HepG2 cell lysate. Mobility   8GE  9GE  10GE  12GE  14GE  17GE  6G2E  7G2E  8G2E  9G2E  10G2E 8GE  GEGGGGGGG  9GE  GEGGGGGGGG  10GE  GEGGGGGGGGG  12GE  GEGGGGGGGGGGG  14GE  GEGGGGGGGGGGGGG  17GE  GEGGGGGGGGGGGGGGGG  6G2E  GEGEGGGG  7G2E  GEGEGGGGG  8G2E  GEGEGGGGGG  9G2E  GEGEGGGGGGG  10G2E  GEGEGGGGGGGG  11G2E GEGEGGGGGGGGG
